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HIGH SPEED FILM TO DIGITAL CONVERSION 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention permits the very high speed conversion of movie films or similar 
transparencies to digital form. The proposed technique can perform the conversion 60 
to 120 times faster than current techniques. 

Description of the Related Art 

Currently, high quality conversion systems convert film image frames to digital by 
moving the film by a linear array of photodetectors. A line of picture elements on the film 
image is imaged onto the array of photodetectors. In most cases, this line corresponds 
to a horizontal line on the film image. The lines are captured for conversion to digital by 
either strobing the illumination source or employing a line transfer technique on the 
photodetector array. The individual picture elements are then analog-to-digital (ADC) 
converted and stored on a digital medium. Three linear photodetector arrays are 
employed, one for each color axis. 

It can be seen that the sequence of line captures will create a frame capture once all of 
the individual line outputs are assembled. Thus, it can be seen that the 
required two axes of scan are performed with one being the linear array and the other 
the film motion. The horizontal accuracy is determined by the photolithographic 
accuracy of the semiconductor process that created the linear array and is very 
accurate. The vertical accuracy is determined primarily by the accuracy with which the 
film is moved (an alternative is to move the photodetector array, but the future trend is 
to move the film). In either case, the motion control is the accuracy limiting element and 
the cost driving part of the system. 

Unwanted side-to-side motion of the film degrades accuracy and subsequent ability to 
compress the digital movie is impaired because individual rows are misregistered. Also, 
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the speed of conversion is severely limited. Current state of the art is 5 seconds per 
frame, or 1/120 of real time at 24 frames per second. 

An alternative technique is to utilize a two dimensional array of photodetectors. This 
solves the accuracy problem for the array of picture elements and is potentially faster. 

The current approach is to utilize a two dimensional array with a single serial pixel 
output because the CCD arrays are the same as those used in video earners and 
camcorders and these need a single video output. Commercial hardware with this 
approach still requires 5 seconds per frame. This will never approach the speeds 
necessary for commercial digital cinema. 

SUMMARY OF THE INVENTION 

This invention shows that by partitioning the readout structure of a CCD array into 
multiple outputs, the image pixel fidelity can be retained and the conversion speed can 
reach real time rates. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 shows the typical skew of the film path. 

Figure 2 shows how the pixels imaged onto a linear array of photodiodes will be 
misaligned when collected to form an image. 

Figure 3 shows the structure of one cell of a CCD array. 

Figure 4 shows the readout structure for a CCD array. 

Figure 5 shows the partitioning of the array into four subsections. 
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Figure 6 shows an example output storage structure. 

DETAILED DESCRIPTION OF THE INVENTION 

Figure 1 shows how film can move from side to side as it is pulled longitudinally past an 
imaging device. If this imaging device is a linear array, the alignment of rows of pixels 
can be misaligned as shown in Figure 2. While this may not seriously impair the visual 
quality, if the images are to be compressed, the results can be degraded by this 
misalignment. Thus, linear arrays are not appropriate for high speed film to digital 
conversion. The remainder of this description will involve 2 dimensional arrays. 

Each cell of a 2 dimensional CCD array can be modeled as shown in Figure 3A 
photosensitive diode generates a current when light energy impinges on it. This current 
is stored on a capacitor as charge. The voltage on the capacitor is approximately 
proportional to the intensity of the light hitting it. 

Figure 4 shows how the rectangular array of CCD cells shown in Figure 3 is multiplexed 
onto a single video line. Consider a logical 1 in the leftmost storage element of the 
Horizontal Shift Register and in the top storage element of the Vertical Shift Register. 
Transistor A is turned on and the voltage on the capacitor in the upper left corner 
becomes the output on the video line. At the end of a pixel period, the logical 1 is moved 
to the second position in the Horizontal Shift Register, with the first position being set to 
logical zero. At this point the voltage on the second capacitor in the first row of the array 
becomes the output on the video line. This process continues until the last cell in the 
first row is selected. At the end of this pixel, the logical 1 in the Vertical Shift Register is 
moved down one position and the logical 1 in the Horizontal Shift Register moves back 
to the left most storage element. 

This process continues left to right and top to bottom until all of the pixel cells have been 
read out. 
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If N is the total number of pixels and T is the period of each pixel, the total time to read 
out the complete array is N*T. For example, if the readout rate is 10 7 pixels per 
second(near the maximum possible), and the number of pixels is 8*1 0 6 the readout time 
would be .8 seconds. If the array readout period corresponds to a film frame which is 
approximately .0417 seconds. Thus, the readout needs to be sped up by a factor of 
over 19 if the conversion is to be in real time. 

Figure 4 gives a hint of how this can be achieved: partition the readout structure so that 
there are multiple readout s. Figure 5 shows how an array could be partitioned into four 
separate readout structures. The resulting readout would be the same as if four 
separate videos were being generated. Each readout subsection would have its own 
Horizontal Shift Register and Vertical Shift Register each of which could be shorter than 
the original. 

In a practical film to digital there would be three separate arrays, one for each primary 
color. The intensity for each color of each pixel should be carried with a minimum of 10 
bits each, for a total of 30 bits per pixel or 4 bytes. The output rate is 768 Mbytes per 
second, or 192 Mpixels per second. The partitioning reduces these numbers by a factor 
of 4. 

The partitioning noted above can be continued almost indefinitely. For example, one 
practical implementation would have 8 horizontal partitions and 2 vertical partitions, 
which would improve the output rate by a factor of 16. 

Using the eight by two partition, the output rate for each would be 48 Megabytes per 
second, well within the capability of modern disks. 

A further part of this invention is that the output of each of the partitions are analog to 
digital(ADC) converted and stored on a high speed disk. In this invention the output of 
each partition ADC is ping ponged onto a pair of disks. 
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While one set of disks is reading and storing the output of the CCD array, the other set 
is playing out the previous frame to a common storage device. 



